Background
Introduction
One of the great achievements of 20 th century medicine has been the reduction in mortality from cardiovascular disease. This progress is attributed to advances in medical, percutaneous, and surgical therapies for ischemic heart disease and modification of established risk factors such as hyperlipidemia, hypertension and smoking. [1] Unfortunately, in recent years improvements have not been universal. The rate of death from ischemic heart disease (IHD) in the United States did not decline among women aged 35-44 from 2000-2002 , in contrast to men aged 35-44 and older individuals of both sexes. [2] The reasons for stagnant or slower declines of IHD mortality rates in young women are not known. This adverse trend may represent increasing incidence of IHD including risk factors for IHD in this population, worsening outcomes among young women who do develop IHD, disparities in care, incorrect assignment of IHD as the cause of death, and/or combinations of the above. The impact of race/ethnicity on adverse trends in IHD mortality among young adults has not been fully described.
The population of New York City (NYC), the largest city in the United States, has a higher proportion of women and a lower proportion of elderly, rendering it desirable for in-depth analyses of trends in IHD mortality among young individuals without confounding by region or urbanization. [3] We set out to investigate trends in mortality rates by sex, age, and race/ethnicity in a single, large urban population.
Methods
The study was approved by the New York University School of Medicine Institutional Review Board with exemption from review. NYC vital statistics data were used to prepare mortality rates from 1980 to 2008. Causes of death, documented on the death certificate, were coded according to ICD-9 codes for years 1980-1998 and ICD-10 codes for years [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The codes corresponding to IHD are 410-414 (ICD-9) and I20-25 (ICD-10). Age, sex, and race/ethnicity of decedents, typically provided by next of kin and documented on the death certificate by funeral directors, were obtained in aggregate without personal identifiers. Race/ethnicity categories were available for the period from 1990 to 2008 and were defined as non-Hispanic (NH) white (further referred to here as white), NH black (further referred to here as black), Hispanic, and Asian/Pacific Islander. Age-specific population mortality rates were estimated per 100,000 for each subgroup based on US Census data. Mortality trend curves for IHD were constructed by age, sex, and race/ethnicity and displayed on absolute and logarithmic scales. Age groups of 35-54 years and 55 were selected based on prior literature and ongoing studies. [2, 4] Trends in mortality rates for women age 35-54 were compared to younger men age 35-54, as well as to older men and women. Nonparametric analysis identified significant points of change in mortality trends between 1997 and 2000 for all age and sex subgroups. The most frequently identified point of change (1999) was selected for temporal sub-analyses.
Statistical Analysis
Trends in absolute and log-transformed mortality rates were explored using linear regression with the speed of change estimated by the regression line slope. We calculated annual proportional decline, i.e., the annual percent of rate reduction, for each underlying diagnosis and each comparison group based on the slope estimates from linear regression of log-transformed mortality rates. Differences in slopes were tested using two-sided t-tests of differences in slopes on the log scale. To adjust for multiple testing, we used a conservative Bonferroni adjustment. To examine deviations in the observed relationship between mortality rates and time from the linear regression line, we considered piece-wise linear regression. The piece-wise linear regression was fit within visually defined intervals. Regressions corresponding to the smallest deviation of the observed relationship from the linear fit within each interval were reported. Homoscedasticity and independence of the residuals assumptions were checked. To further explore nonlinearity and change-points in the relationship between mortality rates and time, we employed nonparametric, resampling-based technique available in Joinpoint 3.5.1 software. [5] Four-way and all possible 2-way comparisons adjusted using Bonferroni multiple testing correction were performed to compare slopes of log-transformed mortality curves for each underlying cause category using the following comparisons: 1) women vs. men aged 35- Tables 2 and 3 for annual mortality data.
Among younger individuals aged 35-54, men displayed higher absolute rates of IHD mortality than women. The annual percent declines in IHD mortality were more favorable for men than for women during the period from 1980-1999 (6.8% vs. 5.6% per year, p = 0.01; see Table 1 and Fig 1 and were similar for both sexes from 1999-2008.
Men aged 55 displayed higher IHD mortality rates than women 55 at all time-points of the study, but sex differences narrowed due to a faster decline in IHD mortality in men from 1980-1998 (1.9% vs. 0.4% per year, p = 0.004; see Table 1 and Fig 2. Annual percent declines in IHD mortality were similar for men and women in the later part of the study period.
Ischemic heart disease mortality trends by race/ethnicity IHD mortality decreased between 1990-2008 for all race/ethnicity categories. Among women aged 35-54, the absolute IHD mortality rate was higher among blacks than other race/ethnicity groups Fig 3a. Younger black women also experienced slower declines in IHD mortality than other race/ethnicity groups (see Table 4 ). Among men 35-54, absolute IHD mortality rates were higher among black and whites than Hispanic and Asian men Fig 3b. The annual percent decline in IHD mortality among men aged 35-54 was similar for all race/ethnicity groups during the study period (Table 4) .
Among individuals age 55, black women and men had lower rates of mortality than whites (but higher than Hispanics and Asians) Fig 3c and 3d . Asian women experienced more rapid declines in IHD mortality over the study period as compared to women 55 in other race/ethnicity groups, while Hispanic women experienced slower declines (Table 4) . Conversely, among men aged 55, Asians experienced a slower decline in IHD mortality and Hispanics a faster decline as compared to white and black non-Hispanic men.
Discussion
We identified a slowing rate of decline in ischemic heart disease mortality among young (35-54) but not older (55) New Yorkers in recent years. We also identified a striking relationship between age, sex, and race/ethnicity and IHD mortality rates in NYC, with slower declines of IHD mortality in young black women than young women of other race/ethnic groups. Trends in IHD mortality in NYC are of particular interest because IHD mortality in NY State is among the highest in the nation and IHD mortality is higher in large metropolitan areas. [6] In this analysis of NYC Vital Statistics data, IHD mortality rates among young individuals were higher than those reported nationally. These findings complement data from large cohort studies that demonstrate wide racial differences in fatal IHD rates and steeper declines in IHD mortality for whites than for blacks over the past two decades, adding analysis of trends by race and sex among younger individuals. [7, 8] Potential explanations for adverse trends among younger individuals
Ischemic heart disease is the leading cause of cardiovascular death among young individuals in the United States, accounting for approximately half of all cardiovascular deaths. [9] Adverse trends in mortality among younger individuals are of particular public health concern because of the large number of years of potential life lost. Slowing of the IHD mortality decline among young individuals since 1999 was most likely due to an increase in the incidence of IHD among younger individuals. NYC Community Health Survey data show that the prevalence of IHD risk factors obesity and diabetes in NYC increased by nearly 20% from 2002 to 2004, a rate significantly faster than the national average. [10] Although obesity rates increased in both younger and older adults in NYC, epidemiologic studies demonstrate stronger associations between cardiovascular risk factors and mortality in younger individuals. [10, 11] An increase in the case fatality rate for IHD during the study period could also theoretically explain the slowing of the IHD mortality decline. Although national data for case fatality rate show a decrease in that time period for both men and women, analysis by age group was not performed. 8 
Sex differences in ischemic heart disease mortality trends
Among younger individuals, women experienced a slower annual proportional decline in IHD mortality than did men. Declines in IHD mortality favoring men have also been reported in Finnish registries. [4] Although IHD mortality among men remains higher than that for women, the sex difference in the downward trend of IHD mortality is of particular concern. These trends may reflect a lack of emphasis on prevention and early detection of IHD among Note that mortality data for race/ethnicity were not available before 1990. Population n refers to the population in NYC for women or men in the labeled age category by year.
doi:10.1371/journal.pone.0149015.t003
younger women due to lower absolute risks of IHD or could reflect sex differences in treatment and outcomes. [12] Women age 55 with acute coronary syndromes have the highest risk of being improperly sent home from the emergency department, and are less likely to receive coronary revascularization than men. [13] [14] [15] [16] Case fatality rates for myocardial infarction are higher for young women than young men, with no sex difference among older patients. [16] [17] [18] This sex discrepancy persists even after adjustment for demographics, medical history, treatment, and complications. Shifting demographics and the migration of higher risk cohorts to NYC may also account for plateauing mortality rates among younger individuals. [19] Over the past two decades, record numbers of foreign-born individuals have immigrated to NYC; nearly 2 million foreign-born residents were living in NYC in 1990, with 3 million foreign residents by 2008. [20] The cardiovascular health of foreign-born immigrants in the United States is not well established, but foreign-born women are reported to have higher mortality due to [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . Among women 55+, the rate of decline in IHD morality in Asians was greater than the rate of decline in whites or blacks. d: IHD mortality trends in men age 55 by race/ethnicity (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Among men 55+, the rate of decline in IHD morality in Hispanics was slower than the rate of decline in whites or blacks.
doi:10.1371/journal.pone.0149015.g003
ischemic heart disease and stroke, and high rates of diabetes have been reported in a number of immigrant populations. [21] Race and sex differences in ischemic heart disease mortality trends This is the first study to assess trends in IHD mortality by sex and race/ethnicity in young women and men in NYC. Young black women, but not young black men, were found to be at a higher IHD mortality risk than white men and women in the same 35-54 age group. Black women experienced the slowest rate of decline in IHD mortality among all women aged 35-54. There are several potential explanations for these concerning findings. Black women have higher prevalence of cardiovascular disease risk factors, including obesity, hypertension, and diabetes, when compared to white women. [22] [23] [24] [25] [26] [27] [28] Black women also have higher mortality rates after presentation with acute coronary syndromes and lower long-term survival with IHD than whites, even after adjustment for differences in clinical characteristics and treatment. [29, 30] [31] When black women present to medical attention with IHD, they tend to report fewer classic chest pain symptoms, regardless of the severity of CAD, and atypical symptoms at presentation are associated with poor outcomes. [32] In a recent analysis of 78 million ER visits for chest pain, black race and younger age were associated with lower rates of diagnostic test ordering and less triage to emergency status. [33] Poverty, stress, and other factors associated with race may contribute to the IHD risk observed in this vulnerable subgroup. [34] [35] [36] Therefore, interventions aimed at risk factor management and community and provider education about MI warning signs and risk among black women have the potential to favorably impact IHD mortality. We recognize several limitations. First, race and ethnicity reported on death certificates could not be verified for accuracy. Race misclassification was unlikely to affect the designation of non-Hispanic white and black individuals, although ethnicity errors and census undercounting could affect both cohorts. [37] However, it is unlikely that such biases would systemically affect particular age, sex, or ethnic sub-groups. Second, relationships between age, sex and race/ethnicity and IHD mortality may represent competing risks for death from other causes such as trauma, potentially overestimating the risk of cardiovascular death in certain populations. [38, 39] In an analysis of large NHLBI databases, traditional Cox modeling and a competing risks model yielded divergent hazards of first IHD event in black men in comparison to whites. [39] Third, population growth that is not reflected in US census data may lead to inaccuracies in population estimates and mortality rates. Fourth, changes in the diagnosis of IHD and vital statistics reporting and the adoption of a newer diagnostic coding scheme, ICD-10, in 1999, could impact mortality trends. However, this coding scheme change does not affect the IHD group of diagnoses, which have a comparability ratio of 1.00. [40] Furthermore, nonparametric analysis of the points of change in mortality trends identified inflection points in the years before and after 1999 in several subgroups. Fifth, erroneous assignment of IHD as a cause of death may occur. [41, 42] Death certificate specificity for IHD diagnosis has been reported to be as low as 72%. [43] Even at autopsy, medical examiners occasionally attribute death to IHD in the absence of pathologic evidence of myocardial infarction, severe atherosclerotic coronary artery disease, or coronary thrombosis. [44] However, it is unlikely that such bias would systemically affect particular age, sex, or ethnic sub-groups. Finally, there is marked variation in IHD mortality in the US based on geography that is even greater among blacks. [6] Consequently, restriction of the analysis to NYC eliminates confounding by region and urbanization and permits study of the impact of race and sex on IHD mortality. [6] 
Conclusions
Despite improvements in medical therapy and aggressive interventions to treat IHD, the rate of decline in IHD mortality among younger individuals in NYC has slowed in recent years. IHD mortality trends in younger black women were particularly unfavorable and black women under age 55 are at increased risk of premature IHD death. Further investigation is warranted into targeted medical and public health interventions to reduce IHD mortality in this vulnerable population.
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